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Design standards for farm surface water supplies 
by J. L. Frith, 
Department of Agriculture 
Design is usually concerned with 
getting an adequate return from 
limited resources. Farm dams which 
dry up represent a design failure. 
Less seriously, so too do dams 
which, although not drying out, 
never fill; they waste a resource. 
There is not much sophistication 
in the design of farm dams. We 
frequently hear a pronouncement 
that "dams in this district should 
never be less than (say) three 
thousand cubic yards". Although 
this statement implies the existence 
of a pattern of rainfall, it says 
nothing about variation in demand 
for water or the enormous differ-
ence in the abilities of different 
catchments to yield runoff. 
The Department of Agriculture 
for many years has had a rule of 
thumb which called for 6 or 8 
cubic yards of dam capacity per 
sheep to be watered, depending on 
where they were. This is an ad-
vance but it neglects different catch-
ment characteristics. 
Burton (1965)1 published rough 
estimates of the minimum annual 
dependable depth of runoff as a 
proportion of annual rainfall that 
could be expected from light, 
medium and heavy textured catch-
ments. This has sometimes been 
used with the 6 cubic yard rule to 
provide a design basis for farm 
dams. The procedure can, how-
ever, be found wanting notably in 
southern parts of W.A. on light-
textured catchments in dry years. 
The storage life of farm dams 
has been investigated by Carder 
(1970)2 who used a computer to 
estimate the time which a given 
volume of water in a dam will en-
dure with specified drinking and 
evaporation rates. This study does 
not deal with inflow from rainfall. 
Its application is thus restricted 
The author (centre) discusses the construction of a roaded catchment 
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somewhat by current weather 
events and a great deal by catch-
ment characteristics. It is useful 
to estimate the performance of a 
dam with a very sandy catchment 
in a dry year. 
To some extent (but not entirely) 
the absence of satisfactory design 
standards for farm water supplies 
has resulted from our preoccupa-
tion with the dam itself and our 
failure to recognise that it is but 
one of several elements in a whole 
system. 
A surface water supply system 
for animal drinking comprises: 
• A source of intermittent in-
flow—rain—being regulated 
by the combined effect of rain-
fall intensity and catchment 
characteristics; 
• A storage—the dam; and 
• Outflow from storage com-
posed of consumption (by 
sheep usually) and losses to 
overflow, evaporation and see-
page. 
These relationships are shown in 
a diagram in Figure 1. 
Modification of any one part of 
the system can change the outcome 
of all the others parts. Design to 
satisfy the part which is our goal 
—maintenance of consumption by 
sheep—must account quantitatively 
for all other parts of the system. 
Inflow sets a limit to the goal. 
Over a long period, even if out-
flow losses are eliminated, inte-
grated consumption can be no 
more than integrated inflow. If 
this is not acceptable, either the 
goal must be reduced or inflow must 
be increased by moving the site or 
by improving catchment char-
acteristics. 
It is technically possible to 
eliminate seepage and evaporation. 
Overflow can be reduced to very 
small amounts by increasing dam 
size. Outflow could be concen-
trated entirely into consumption. 
However these measures alone can-
not ultimately prevent reduced con-
sumption in response to reduced 
inflow. 
Although this may seem self 
evident, in times of drought and 
when stored water volumes are al-
ready low, appeals are sometimes 
made for more research on methods 
of evaporation reduction or the 
creation of larger storages. The ef-
fect on the system of increasing in-
flow is often overlooked. 
The occurrence of seepage and 
its reduction has been investigated 
by Pepper (1976),8 and Laing and 
Pepper (1976).7 This has assisted 
with selection of sites to avoid see-
page and with treatment of some 
existing seepage problems. 
Some attempts have been made 
to reduce evaporation from dams 
but results have been economically 
discouraging. For purposes of 
design we have acceptable measures 
of the limits imposed by these los-
ses and we can design to cope 
with them. For normal wheat-
belt conditions we also have satis-
factory measurements of sheep 
water consumption and the factors 
that influence it. 
By far the most difficult part of 
the system to design and to measure 
is the rainfall-runoff relation of the 
catchment which governs inflow. 
The determinants of this relation are 
different for each catchment. 
Further, on any one catchment 
some determinants change with each 
fall of rain and some during a fall 
of rain. 
The result is that inflows to dams 
are more variable than, and poorly 
related to the rainfalls from which 
they derive. 10 mm of rain falling 
within as many minutes on one day 
may yield a substantial amount of 
runoff. On another, 50 mm dis-
tributed throughout the day may 
yield none. 
The proportion of catchment area 
contributing runoff also varies. 
Flow of water over the soil surface 
—overland flow—occurs when 
rainfall intensity exceeds the rate 
at which water will enter the soil. 
As long as rainfall continues above 
this rate, overland flow will con-
tinue and become runoff when it 
reaches the dam or catchment 
outlet. 
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Fig. 1.—Diagram of a surface water supply system for livestock 
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When rainfall intensity falls be-
low the rate at which water will 
enter the soil, overland flow will 
begin to infiltrate and depending 
on the distance from the dam, may 
infiltrate completely. Thus, over-
land flow originating near the 
catchment outlet has a greater 
chance of reaching it and becoming 
runoff than flow from more distant 
parts. The larger and more previous 
the catchment, the greater will be 
the variation in the relation between 
rainfalls and the amounts of run-
off they produce. 
Recently we have examined 15 
years rainfall and runoff data 
from a 24 ha. gauged catchment 
at Berkshire Valley near Moora. 
Relations between rainfall and run-
off have been produced for each 
month. An example for the month 
of July is shown in Figure 2. The 
scatter of points about the regres-
sion line would be a difficulty if 
we were concerned to predict a 
particular runoff from knowledge 
of a particular rainfall. However, 
we need to know only the expected 
pattern of runoff over a long period. 
We do not need an unvarying 
relation; we need only to know 
what the variation is and to be 
able to reproduce it. 
We hope in the near future to 
be able to state for this catchment 
the minimum size of dam required 
to supply a given demand. Of 
course, bearing in mind the effect 
of catchment size on the depth 
of runoff generated, we still face 
the problem of extrapolating the 
results to catchments of different 
sizes. 
Improved catchments 
Various treatments are available 
to increase inflow by improving the 
rainfall-runoff relation. That most 
commonly used in this region is the 
roaded catchment*. 
A roaded catchment is a ridge 
or a series of parallel ridges of 
earth which have been covered 
with a smoothed, compacted layer 
of subsoil clay. The slopes of the 
* See Farmnotes 44/76 "Roaded Catch-
ments and Dam Size"; 51/76 "Roaded 
Catchments—Design and Specifica-
tions"; 52/76 "Roaded catchments— 
Construction"; 60/70 "Roaded Catch-
ments—Maintenance". 
40 
30 
ridges and their smoothness reduce 
the amount of rainfall surplus which 
would otherwise be detained in 
surface depressions. The com-
pacted clay surface reduces infil-
tration of water. 
A high proportion of rain falling 
on the slopes of the roads is rapidly 
transferred to the drains between 
the roads. These are, or should 
be, constructed on a grade which 
will carry the concentrated flow 
without erosion to a waterway and 
thence to the dam. 
There are two aspects of roaded 
catchment to which design can be 
applied. The first of these is 
qualitative and concerned with 
yield of runoff per unit area of 
catchment. 
Many details of construction to 
maximise runoff were developed 
by the Public Works Department 
and published by them in 1956.9 
Unfortunately practice lagged be-
hind knowledge, many ineffective 
catchments were built and interest 
waned until the drought of 1969-
70. A construction contractor, S. 
L. Harper, demonstrated the tech-
nique of achieving complete clay-
cover. Frith and Nulsen (1971)4 
defined the relationship between 
width and degree of road side 
slopes necessary to achieve clay 
cover, and the depth of topsoil over-
lying subsoil clay. 
\-\v\a. 
Hollick (1976)6 used a com-
puter model to study catchment geo-
metry and its relationship to both 
yield and erosion. This work has 
been used in rationalising stand-
ards for grades of road drains. 
The second aspect of roaded 
catchment design is quantitative 
and concerns how much should be 
incorporated in particular water 
supply systems. 
Because roaded catchments are 
smaller and very much less per-
meable than natural catchments, 
there is a much closer relationship 
between rainfall and runoff. It 
is therefore much easier to take 
inflow into account in design in-
volving roaded catchment. 
The first design basis produced 
by the P.W.D. was for 4 acres 
of roaded catchment for each 1 000 
cubic yards of dam capacity. This 
was later boosted by Carder and 
Spencer (1971 )3 to 6 acres per 
1 000 cubic yards. These stand-
ards are unrelated to water out-
flows such as evaporation and live-
stock use. They are simply estim-
ates of the average annual yield of 
runoff coupled with an assumption 
that the dam will fill once and 
empty once each year. 
It was not appreciated until 1970 
that increasing inflow by the use 
of roaded catchment could be ac-
companied by a reduction in dam 
| 2 0 
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Fig. 2.—The relationship between rainfall and runoff for the month of July on an 
experimental catchment at Berkshire Valley, W.A. 
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size, leaving sheep consumption un-
changed. In other words, dam 
capacity and catchment area are to 
some extent substitutable. 
This was demonstrated by Frith, 
Nulsen and Nicol (1974),5 who de-
veloped a computer model of a 
dam, a roaded catchment and a 
sheep flock and used it to deter-
mine dam and catchment combina-
tions which would just provide for 
1 000 sheep at Jerramungup. Later 
the model, named Damcat, was 
revised and used to produce graphs 
of minimum combinations of dam 
and catchment required to water 
1 000 sheep at each of 20 centres 
in the W.A. wheatbelt. 
Damcat 
In operation, Damcat is supplied 
with a value for "effective thre-
shold" rainfall. This is the average 
amount of each daily fall of runoff-
producing rain which is retained on 
the catchment and does not reach 
the dam. When this is subtracted 
from rainfall, any positive remain-
der is counted as depth of runoff. 
This is multiplied by catchment area 
to give a volume which is added 
to stored water. Rain falling over the 
dam excavation is wholly added to 
storage. Water drunk by sheep 
and lost by evaporation is cal-
culated from rates which vary for 
each month and is subtracted daily 
from stored water volume. Dam-
cat assumes that sheep are first 
placed on the dam when stored 
water is 0.25 m3 or more per sheep. 
They are withdrawn if the depth 
of stored water falls to 20 cm or 
less and are not returned until stor-
age again reaches 0.25 m3. 
The computer program prints the 
time sheep are not on the dam after 
the first year. The model is 
operated with as much daily rain-
fall record as can be had—usually 
about 50 to 60 years. Areas of 
catchment which just suceed and 
just fail to provide permanendy 
are found for several dam volumes 
and these points are used to plot 
substitution curves. 
Damcat has employed a very 
simple rainfall-runoff relationship: 
RO = R — T 
where RO is runoff, R 
is rainfall and T is the 
"effective threshold" 
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Originally we had no measure-
ments of catchment performance to 
guide us—simply the repeated 
casual observations of the low in-
filtrability of roaded catchment 
evidenced by the very small 
amounts of rain required to fall 
before they yielded water. Sub-
sequently, measurements of rain-
fall and runoff from three roaded 
catchments became available. Two 
of these provided plots of daily 
rainfall and runoff enabling deter-
mination of a line of best fit to 
describe the relation. 
Data from a catchment on the 
property of Mr R. McAndrew, 
northwest of Corrigin are shown in 
Figure 3. If the simple rainfall-
runoff relationship described in the 
equation is used, the effective thre-
shold is 4.2 mm. However the re-
gression equation of the line of best 
fit is: 
RO = (R — T') E 
where T ' again a threshold but 
this time of only 3.2 mm, E is the 
slope of the line, the efficiency or 
the proportion of rainfall above the 
threshold which is converted to 
runoff. The efficiency in this case 
is 90 per cent. This compares 
with an implicit efficiency of 100 
per cent in the simple relation. 
The linear relation gives the same 
amount of runoff from the rainfalls 
that were measured. However, if 
they are applied to a different range 
of rainfall data the simple thre-
shold will tend to underestimate run-
off with a set of lower rainfalls and 
to overestimate it with a higher set. 
The two different relations deter-
mined on McAndrew's catchment 
have been used in Damcat with 60 
years of rainfall record from Jar-
ramongup homestead. The result-
ing substitution curves are shown in 
Figure 4. There is very little dif-
ference. Because catchments are 
much easier to compare on the 
basis of one value than on two, the 
simple relation has continued in use 
to the present. 
Very recently, data collected 
over three years from a gauged 
roaded catchment at Newdegate 
Research Station became available. 
The data cast some doubt on the 
level of simple threshold chosen to 
represent good roaded catchment 
and on the practice of using a 
simple threshold, rather than a re-
gression relation. 
10 15 7a & 30 
Fig. 3.—The relation between rainfall and runoff on a roaded catchment near 
Corrigin, W.A. 
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Fig. 4.—Substitution curves of dam and roaded catchment required to water 1 000 
sheep at Jarramungup Homestead, W.A. This assumes that rainfall is related to 
runoff by: 
(a) RO = R —4.2 and (b) RO = .9 (R —3.2) 
where RO = runoff and R = daily rainfall in mm. 
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Fig. 5.—The relation between rainfall and runoff on a 3.6 ha roaded catchment at 
Newdegate Research Station, W.A. 
The Newdegate data are plotted 
in Figure 5. The catchment has a 
simple threshold of 7 mm and a re-
gression with a threshold of 1.9 
mm and an efficiency of 63 per 
cent. 
Doubts surrounding the use of 
Damcat are concerned with the 
dimensions of parameters such as 
the rainfall-runoff relationship and 
rates of sheep consumption and 
evaporation. The effects of chang-
ing values for parameters have 
been studied. In all cases, although 
of course the total dam and catch-
ment requirement changes, the 
rates of substitution between them 
remain substantially unaltered, and 
therefore the proportion of dam 
to catchment required to meet a 
given demand remains fairly con-
stant. 
Implications 
Several economic implications 
stem from the Damcat graphs. 
Firstly, they can be used to deter-
mine, if not the precise amount of 
dam and catchment, at least the 
proportion in which they should be 
combined for least outlay. 
This is indicated by the point at 
which a line joining combinations 
of dam and catchment which cost 
the same (called an isocost) forms 
a tangent with the substitution 
curve. 
Secondly, increases in threshold, 
drinking or evaporation rates all re-
sult in displacement of the curves 
upwards and to the right. Greater 
security against underestimation of 
these parameters can be obtained 
most cheaply by selecting the tan-
gent on a curve for an appropriately 
higher value of the parameter. This 
will involve a increase in both dam 
and catchment. 
This point needs stressing be-
cause the dam capacities shown by 
Damcat to be sufficient are very 
much lower than those usually em-
ployed with natural catchment 
alone. 
The tendency of those whose ex-
perience lies only with natural 
catchment or perhaps with poor 
roaded catchment is to increase 
expenditure on the dam to achieve 
more security of supply. However 
this will do less to reduce the risk 
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of failure than the expenditure dis-
tributed optimally between dam and 
roaded catchment. 
A third implication is that the 
addition of improved catchment can 
greatly reduce the capital cost of 
surface water supply for livestock. 
This is illustrated in Figure 6, in 
which the line AB is a substitution 
curve joining all combinations of 
dam volume and roaded catchment 
area which meet the demand of 
1 000 dry sheep continuously. 
Combinations of dam volume 
and catchment area lying above and 
to the right of AB will provide 
more water. Those below and to 
the left will provide less. 
The straight line CD drawn tan-
gential to AB is the "isocost". It 
joins combinations of dam and 
catchment which cost the same. In 
this case, the total cost of any com-
bination on AB is $525, and the 
unit prices of dam and catchment 
are 40 cents a cubic metre for the 
dam and $250 a hectare for the 
roaded catchment. Above and to 
the right of the isocost CD, com-
binations will cost more than $525; 
below and to the left, they will cost 
less. 
Point E is thus the least cost 
combination (0.8 ha catchment and 
800 m3 dam) which will just meet 
the demand of 1 000 sheep. 
Increases in catchment threshold, 
drinking rate or evaporation rate 
displace the substitution curves up-
wards and to the right as is shown 
by the dashed line FG. Greater 
security against underestimation of 
1 1 
Fig. 6.—Example of curves of substitution between dam volume and area of roaded 
catchment with associated isocosts 
the requirements can be obtained 
most cheaply by selecting the tan-
gent on a higher (more expensive) 
curve such as H in Figure 6. This 
will involve an increase in both 
dam and catchment, along a pro-
jection of the line EH. 
With generous allowance against 
failure an initial outlay of no more 
than about $2.00 per head should 
provide permanent water for sheep, 
even in the eastern wheatbelt. In 
exceptional cases where perhaps 
catchment or dam or both require 
sealing, costs could rise to between 
$5 and $15 per head. 
Even in this extreme, surface 
water sometimes may compare 
favourably with alternatives, provid-
ing that comparisons between sys-
tems are made in terms of the 
common goal—livestock to be 
watered. 
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